three to four times more likely to have SDB than persons who deny these symptoms. 10 Understanding the distribution of sleep symptoms in diverse racial-ethnic groups may be particularly important given the associations of SDB with hypertension and cardiovascular diseases and the increased frequency and severity of the latter conditions in some racial and ethnic subgroups in the US.
METHODS

Study Population
SHHS is a cohort study of SDB and cardiovascular disease among men and women who are 40 years of age or older. Participants were recruited from in-progress cohort studies of cardiovascular and pulmonary disease ("parent studies"), most population-based. These parent studies include the Atherosclerosis Risk in Communities Study (ARIC), 11 the Cardiovascular Health Study (CHS), 12 Framingham Heart Study, 13 the Strong Heart Study (SHS), 14 the Tucson Epidemiologic Study of Obstructive Airways Disease, 15 the Health and Environment Cohort Study in Tucson, 16 and three cohort studies of hypertension in New York. 17, 18 The design and methods of SHHS, along with detailed information on the parent studies, have been previously reported. 19 The institutional review boards of all participating institutions approved the study.
As the first stage of recruitment for SHHS, all participants in the parent studies who reported for an examination between November 1995 and January 1998 were asked to complete a Sleep-Habits Questionnaire (SHQ), which is described below. In addition, for some parent studies, participants not due for examination in the study center were mailed the questionnaire. The classification of participants according to racial and ethnic group was based on self-report of one of the following categories as the best description of themselves: black, non-Hispanic; white, nonHispanic; Hispanic; Asian or Pacific Islander; American Indian; other. An exception to this was the case of SHS participants whose American Indian status was determined by their inclusion in tribal rolls.
Sleep Habits Questionnaire
This self-completion questionnaire was developed to survey the parent populations and SHHS participants with respect to key questions about sleep, breathing, and daytime sleepiness. The SHQ includes questions and response scales selected from the instruments of the Wisconsin Sleep Cohort Study 1 and the Cleveland Family Study. 20 The Cleveland study has demonstrated the validity and internal consistency of these questions among white and black adults. 21 The SHQ also included the Epworth Sleepiness Scale (ESS), [22] [23] [24] a validated self-completion questionnaire that asks the subject to rate his/her likelihood of falling asleep in a number of common situations. The questionnaire was self-completed with instructions to complete it without discussing the questions with anyone, including a spouse. A Spanish version of the questionnaire was completed by participants more comfortable reading Spanish than English.
Snoring was ascertained by the question "Have you ever snored (now or at any time in the past)?" with possible responses "yes," "no," or "don't know." Participants answering "yes" were asked "How often do you snore now?" with possible responses including "rarely -less than one night a week," "sometimes -1 or 2 nights a week," "frequently -3 to 5 nights a week," "always or almost always -6 or 7 nights a week," or "don't know." Breathing pauses during sleep were ascertained by the question "Are there times when you stop breathing during sleep?" with possible responses "yes," "no," or "don't know." Participants were also asked how often there is someone else nearby while they are sleeping, with possible responses of "never," "sometimes," and "always."
Daytime sleepiness (ESS) was assessed by the question "What is the chance that you would doze off or fall asleep (not just "feel tired") in each of the following situations?" followed by a list of eight situations including "sitting and reading," "watching TV," and others. For each situation, possible responses included four ordinal categories ranging from "no chance" to "high chance."
Polysomnography
Some of the questionnaire respondents underwent in-home, overnight polysomnography (PSG), as described in detail elsewhere, 19, 25 with the use of the Compumedics PS-2 system (Compumedics Pty Ltd, Abbotsford, Australia) to record electroencephalgram (EEG), chin electromyogram, electrooculogram, chest and abdominal respiratory excursions detected by inductive plethysmography, nasal and oral airflow by thermocouple, arterial oxyhemoglobin saturation by finger-pulse oximetry, electrocardiogram, body position, and ambient light. The methods for PSG scoring and quality assurance have been described elsewhere. 25 For this analysis, apneas (reduction of airflow to < 25% of baseline amplitude for at least 10 seconds) and hypopneas (reduction of airflow or thoracoabdominal excursions to < 70 of baseline for at least 10 seconds) were counted only if accompanied by a 4% or greater decrease in oxygen saturation. Apneas and hypopneas were scored without regard to accompanying arousal on EEG. Sleep-disordered breathing was quantified as the number of apneas and hypopneas per hour of sleep, the apneahypopnea index (AHI).
Analysis
For this analysis, "frequent snoring" was defined as snoring "frequently -3 to 5 nights a week" or greater. The presence of another person nearby while sleeping was classified as "no" ("never") or "yes" ("sometimes" or "always"). Participants who responded "don't know" to whether they had ever snored or to the frequency of snoring were excluded from analyses of snoring prevalence. Participants who responded "don't know" to the question about breathing pauses were excluded from analyses involving this question. An alternative analysis was performed in which participants who responded that they "don't know" whether they had ever snored or had breathing pauses were classified as having answered "no."
The score for ESS was calculated as the sum of the scores for the chance of falling asleep in eight situations where "no chance" = 0, "slight chance" = 1, "moderate chance" = 2, and "high chance" = 3. Thus, the ESS score may range from 0 (least sleepy) to 24 (most sleepy). Participants who did not complete all eight items used to calculate this score were classified as missing for this variable. The body-mass index (BMI) was calculated as the weight divided by the height squared (kg/m 2 ) using weight and height measured during a recent parent study examination.
Logistic regression analysis was used to characterize the associations of dichotomous measures including frequent snoring and breathing pauses with racial and ethnic group. Odds ratios indicating the odds of the symptom being present in a particular racial-ethnic group relative to the odds for non-Hispanic, white participants were derived from the logistic coefficients. The relation of ESS to racial and ethnic group was assessed by analysis of covariance. In all models, we included age, age squared, bedroom-sharing status, and BMI for adjustment. The agesquared term was included because snoring prevalence rose and then fell with increasing age, and inclusion of this term improved the fit of the models. All analyses were done using SAS.
RESULTS
A total of 15,699 participants completed a SHQ. After excluding 229 subjects with missing gender, 22 who reported race as "other," and 2,198 with missing BMI, the number remaining for analysis was 13, 194 64.9 + 13.0 years, p= 0.006), had slightly higher BMI (27.9 + 5.4 vs. 27.4 + 5.4 kg/m2, p<.001), were slightly more likely to be married (77.7 % vs. 72.9 %, p<.001), and were more likely to be college educated (35.8 % vs. 27.3%, p<.001).
Among the 13,194 participants with complete SHQ and BMI data, 11,517 (87.3%) described themselves as non-Hispanic white, 648 (4.9%) as black, 643 (4.9%) as American Indian, 296 (2.2%) as Hispanic, and 90 (0.7%) as Asian-Pacific Islander. The Hispanic and Asian-Pacific Islander participants were on average younger than the other groups (table 1). American Indian participants had higher mean BMI than other groups. Black and American Indian men were less likely to report sleeping near another person than other men. Black women were less likely to sleep near another person than other women.
The frequency of "don't know" responses to questions about snoring and breathing pauses varied among racial and ethnic groups (table 1) . For example, the proportion of men who reported "don't know" for frequent snoring ranged from 20% among white men to 37% among American Indian men. The analyses of snoring and breathing pauses reported in tables 2-5 excluded participants with "don't know" responses to these variables, restricting the sample to 9,164 participants for snoring and 7,124 participants for breathing pauses.
The frequency of snoring and breathing pauses varied with age, BMI, and bedroom sharing status (table 2). The prevalence of snoring and breathing pauses varied only slightly with age among participants between 40 and 69 years of age but was lower among participants age 70 and older. Among both men and women, the prevalence rates of snoring and breathing pauses increased with BMI. Among men, snoring and breathing pauses were more prevalent among participants who reported sleeping near another person. This relation was seen among women only for frequent snoring.
Frequent snoring was more common in black, American Indian, and Hispanic women than among white women after adjusting for age and sleeping near another person (table 3) . After further adjustment for BMI, the odds ratios were all diminished, but frequent snoring remained significantly more common among black women (OR = 1.55, 95% CI 1.13-2.13) and Hispanic women (OR = 2.25; 95% CI 1.48-3.42) than among non-Hispanic white women. Among men, the odds ratios relating snoring to racial-ethnic group were not greatly affected by adjustment for BMI. Hispanic men were more likely than non-Hispanic white men to report frequent snoring (OR = 2.30, 95% CI 1.43-3.69) (table 3) . Black, American Indian, and Asian men did not differ significantly from nonHispanic white men in snoring prevalence.
American Indian women were significantly more likely to report breathing pauses than other women, even after adjustment for BMI (OR = 1.52, 95% CI 1.03-2.24) ( Table 4) . After adjusting for BMI, Hispanic and Asian women were also more likely to report breathing pauses than their non-Hispanic white counterparts, but these odds ratios were not statistically significant. The frequency of reported breathing pauses during sleep did not differ significantly among non-Hispanic white, black, Asian or Hispanic men (table 4) . American Indian men were more likely to report breathing pauses during sleep in the partially adjusted analysis (OR = 1.50, 95% CI 1.08-2.08), but this association was no longer significant after adjustment for BMI (OR = 1.32; 0.95-1.84).
Because some study sites were exclusively of one racial and ethnic group (American Indians at the SHS), or nearly so (non-Hispanic whites at the Minnesota site), multivariate analyses of the total sample could not simply adjust for site to exclude potential confounding by between-site differences other than race and ethnicity. To address the possibility of confounding by study site, we performed a sub-analysis restricted to black and non-Hispanic white subjects in sites with substantial numbers of both (New York, Framingham, Pittsburgh, and Sacramento), adjusting for site effects by including site variables in the multivariate models. These site-adjusted models showed approximately the same relationships to black race of frequent snoring (men -OR 1.20, 95% CI 0.84-1.74; women -OR 1.61, 95% CI 1.11-2.36) and breathing pauses (men -OR 1.17, 95% CI 0.69-1.99; women -OR 1.14, 95% CI 0.58-2.24) that were seen in the total-sample, fully adjusted models (tables 3 and 4). Similarly, we performed a sub-analysis restricted to Hispanic and nonHispanic white subjects in sites with substantial numbers of both (New York, Framingham, and Tucson), adjusting for site in the multivariate models. These site-adjusted models showed approximately the same relationships to Hispanic ethnicity of frequent snoring (men -OR 2.45, 95% CI 1.45-4.12; women -OR 2.47, 95% CI 1.58-3.88) and breathing pauses (men -OR 1.25, 95% CI 0.68-2.31; women -OR 1.41, 95% CI 0.66-3.00) that were seen in the total-sample, fully adjusted models (tables 3 and 4). We did not perform similar sub-analyses for American Indians because they were almost all at one study site or for Asian or Pacific Islander subjects because their numbers were so small.
The logistic regression analyses reported in tables 3 and 4 were repeated after reclassifying "don't know" responders as "no" for the snoring and breathing pauses variables. In the fully adjusted model, frequent snoring remained significantly more common among Hispanic women (OR = 1.72, 95% CI 1.20-2.47) than among their white non-Hispanic counterparts, but black women were no longer significantly different from white non-Hispanic women (OR = 1.28, 95% CI 0.97-1.69). Among men, frequent snoring remained significantly more common among Hispanics than among their white non-Hispanic counterparts (OR = 1.73, 95% CI 1.16-2.58); however, American Indian men were less likely to be frequent snorers than non-Hispanic white men (OR = 0.61; 95% CI 0.46-0.80). For breathing pauses, the fully adjusted model Abbreviations: W=non-Hispanic, white; B=black; AI=American Indian; H=Hispanic; A=Asian-Pacific Islander * The N contributing to specific means and proportions may be smaller due to missing data (in no case exceeding four percent of subjects). with "don't know" responses reclassified as "no" revealed that breathing pauses were more common among American Indians than for non-Hispanic whites, both among men (OR = 1.53, 95% CI 1.13-2.07) and women (OR = 1.80, 95% CI 1.24-2.60). The observed differences in the occurrence of snoring and breathing pauses between racial and ethnic groups raise the question of whether the association of these symptoms with objective evidence of obstructive sleep apnea differs among these groups. We addressed this question in the subset of questionnaire respondents who underwent PSG. A total of 6,441 underwent PSG, and 6,274 (97.4%) of these subjects had complete data on race and ethnicity and other variables permitting inclusion in this analysis. Compared to the 6,920 subjects with complete questionnaire data who did not undergo PSG, the 6,274 subjects who underwent PSG were slightly younger (63.5 + 10.8 vs. 65.2 + 10.1 years, p < .0001), had a slightly higher BMI (28.4 + 5.4 vs. 27.7 + 5.2 years, p < .0001), were slightly more likely to be college educated (36.8 vs. 34.9 %, p = .02), and were slightly less likely to be married (75.8 vs. 79.5 %, p < .0001).
We examined the relationship of self-reported frequent snoring and breathing pauses during sleep to the likelihood of having an AHI of 15 events per hour or greater, adjusting for sex, age, age squared, BMI, neck girth, and waist-hip ratio using logistic regression analysis (table 5) . The frequent snoring model was run with frequent snoring by race contrasts. The breathing pauses model was run with breathing pause by race contrasts. Frequent snoring was associated with an increased likelihood of an AHI > 15 events per hour in all groups, although this association did not reach statistical significance for Hispanics; there was no significant difference between the strength of these associations among the different groups. Self-reported breathing pauses were significantly associated with an AHI > 15 in all groups except American Indians. Although the differences between groups were not statistically significant, there was a suggestion that the association of reported breathing pauses with an AHI > 15 may be somewhat weaker among American Indians than among other groups.
The mean ESS score of black men and women was significantly higher than that of their non-Hispanic white counterparts, after adjustment for age, age squared, and BMI using analysis of covariance (table 6). The mean scores of other groups were not significantly different from those of their non-Hispanic white counterparts.
DISCUSSION
Differences among racial and ethnic groups in craniofacial anatomy, obesity, and body fat distribution may result in variation in the occurrence of snoring and SDB. Craniofacial dimensions measured by cephalometry differ between black and white persons. 8, 9 It has been reported that the relation of craniofacial dimensions to OSA differs between blacks and whites, with SDB more strongly correlated with hard-tissue structures in the latter and soft-tissue structures in the former. 9 Racial variation of the cross-sectional area of the nasal fossa measured by acoustic rhinometry 26 and of nasal resistance 27 have also been observed, blacks having lower resistance and higher cross-sectional area than whites. Body-mass index, a strong correlate of snoring and SDB, varies among racial and ethnic groups in the US, variation that may relate more to disparities in socioeconomic status and diet than to genetic factors. 7 In addition, the pattern of body fat distribution and the relation of BMI to percent body fat differ among racial and ethnic groups. 28 In the SHHS parent cohorts, the interrelationships of snoring, racial and ethnic group, and BMI differed between men and women. Snoring was more common among black, American Indian, and Hispanic women than among non-Hispanic white women. These differences were partly explained by differences in BMI but remained statistically significant for black and Hispanic women even after adjustment for BMI. Among men, only Hispanic participants more frequently reported snoring than did their non-Hispanic, white counterparts, and this association was not affected by adjustment for BMI. The observed gender specificity in the racial and ethnic variation of snoring may provide important clues about the factors that increase susceptibility to snoring and SDB, possibly suggesting greater racial and ethnic differences in body fat distribution or craniofacial dimensions among women than among men.
Schmidt-Nowara et al 29 observed that 28 percent of men and 15 percent of women in a population-based sample of Hispanic Americans in New Mexico reported regular loud snoring on a questionnaire, but that study did not include a comparison to other groups. Kripke and coworkers 30 studied a population-based sample of 355 middle-aged adults in San Diego, California, with overnight in-home oximetry and observed a higher number of desaturation events per hour among Hispanics than among whites in the sample, a difference that was not significant after adjustment for BMI. In our sample, 52 percent of Hispanic men and 29 percent of Hispanic women reported frequent snoring, with another 24 and 37 percent, respectively, reporting that they "don't know" whether they snore. Hispanic men and women were significantly more likely to report snoring than their non-Hispanic white counterparts, even after adjustment for BMI. The Hispanic subjects in the SHHS parent studies included persons of Caribbean and Central American origin living in the northeastern US and Mexican-Americans living in the Tucson area. We observed no significant differences in symptom prevalence between Hispanic subjects in the northeast and southwest US (data not shown), but our power to detect such a difference was limited. Hispanic and non-Hispanic, white persons living in the US have been reported not to differ in cephalometric dimensions, 8 ple of men and women older than 65 years of age. African Americans and Caucasians had similar overall prevalence rates of SDB as determined by PSG, although African Americans had a higher prevalence of severe SDB and were more likely to report inadvertent daytime naps. Redline and coworkers 9 studied family members of sleep apnea patients and well as neighborhood control families. Among participants less than 25 years old, African Americans had a higher prevalence of SDB (odds ratio 1.88) and a higher mean number of apneas and hypopneas per hour of sleep than white subjects. This difference was present to a less striking degree among participants 26 to 55 years of age, and among older participants SDB did not differ significantly between African Americans and whites. Neither of these reports provided data on the prevalence of snoring or self-reported breathing pauses during sleep, and neither considered both race and gender effects. Other epidemiologic studies of elderly US populations have suggested a lower prevalence of self-reported insomnia symptoms among blacks than whites, but these studies did not report symptoms of SDB. [32] [33] [34] An analytic and interpretational issue raised by questionnaire-based studies of snoring and other sleep symptoms is that a relatively large proportion of respondents answer "don't know." This proportion appears to be influenced by age, gender, and ethnicity, 20, 21 as well as by sleeping near another person, persons who sleep alone being more likely to answer "don't know". 35 In our sample, black men and women were more likely than their white non-Hispanic counterparts to report that they don't know whether they snore and to report that they do not sleep near another person. We have observed that SHHS participants who state that they don't know whether they snore report daytime sleepiness similar to those who deny snoring. 36 Bliwise and coworkers, 37 however, have recently reported that persons who say that they don't know whether they snore have risk factor profiles similar to snorers, and these authors suggest that classifying "don't know" respondents as nonsnorers may result in misclassification. We have excluded "don't know" responders from the analyses comparing racial and ethnic groups in tables 2-5, and we have adjusted for sleeping near another person in multivariate logistic regression models relating snoring and breathing pauses to racial and ethnic group. An alternative analysis in which "don't know" responders were classified as "no" led to associations between racial and ethnic group and snoring that were weaker than those seen when "don't know" responders were excluded.
Several limitations of this study must be considered in interpreting these data. Questionnaire reports of symptoms are inherently subjective, and it is possible that the patterns of similarities and differences among racial and ethnic groups are influenced by culturally determined patterns of responding to the questionnaire. Individuals from different cultural backgrounds might interpret the words "snoring" and "stopping breathing during sleep" differently. In addition, questionnaire responses about both snoring and breathing pauses during sleep appear to be influenced by whether the respondent sleeps near another person (table 2) and thus are clearly dependent on communication with other household members. There may be cultural differences in the likelihood that family members or bed partners would discuss sleep-related symptoms such as snoring with each other. Despite the real possibility of such differences between racial and ethnic groups, our analysis of symptoms in relation to PSG results (table 5) suggests that frequent snoring has an approximately similar relationship to SDB in the different racial and ethnic groups examined. Self-reported breathing pauses, which were significantly more frequent in American Indian women than in non-Hispanic white women after adjustment for covariates, appear somewhat less strongly associated with a high AHI among American Indians than among other groups, suggesting a possible cultural difference in the response to this questionnaire item.
The questions contained in our questionnaire have been validated in white and black adults in Cleveland 21 although not in other racial and ethnic groups. The ESS has not been validated in diverse ethnic groups, so our findings using this Scale must be interpreted with particular caution. Another potential limitation of our study is that our sample was not recruited de novo using population sampling methods. 19 The SHHS parent studies were all selected as representative community samples, however, and probably provide a close approximation of the populations from which they were drawn. The study of prevalent participants in ongoing cohort studies leaves open the possibility that differential survivor biases could affect associations between current symptoms and racial and ethnic group. Although we were able to adjust for site in subanalyses of black and Hispanic subjects, this was not possible for American Indians, leaving open the possibility of confounding by site-related factors other than race and ethnicity. Finally, the number of Asian and Pacific Islander subjects was quite low, limiting the confidence in estimates for this group.
In conclusion, these questionnaire data reveal that snoring is common in middle-aged and older persons of all racial and ethnic groups; 19 to 29 percent of women and 32 to 52 percent of men reporting frequent snoring. Black and Hispanic women in our sample were more likely to report snoring than white non-Hispanic women, even after adjustment for BMI. Hispanic men appear more likely to report snoring than men of other racial and ethnic groups. The racial, ethnic, and gender differences reported here emphasize the need to consider potential differences in self-reported sleep symptoms among different demographic groups, including the high frequency of "don't know" responses in certain groups, when designing screening strategies for SDB. The physiologic and clinical significance of the observed variation in self-reported symptoms remains to be determined by studies employing PSG and objective measurements of sleepiness. 
